Abstract--The paper presents an optimal solution for eliminating high power rating applications [1] . It is worth noting that in pre-specified order of harmonics from a stepped waveform of a most of the works reported in the technical literature, the level multilevel cascaded inverter topology with non-equal dc sources.
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of the dc sources was assumed to be equal and constant, A key issue in designing an effective multilevel inverter is to close to the exact solution is required. The paper discusses an ensure that the total harmonic distortion (THD) of the output efficient hybrid real coded genetic algorithm (HRCGA) that voltage waveform is within acceptable limits. Selective reduces significantly the computational burden resulting in fast harmonic elimination pulse-width modulation (SHE-PWM) convergence. An objective function describing a measure of has been intensively studied in order to achieve low THD [4] .
effectiveness of eliminating selected order of harmonics while controlling the fundamental component is derived. Different The common characteristic of the SHE-PWM method is that cases including seven-and nine-level inverters with different the waveform analysis is performed using Fourier theory [7] values of modulation indices are reported. The theoretical [11] . Sets of non-linear transcendental equations are then findings are validated through simulation studies.
derived, and the solution is obtained using an iterative procedure, mostly by a Newton-Raphson method [ [6] , [7] . Another approach uses field of high-voltage and high-power applications such as Walsh functions [6] where solving linear equations, instead of laminators, mills, conveyors, pumps, fans, blowers, non-linear transcendental equations, optimizes the switching compressors, and so on. The term multilevel starts with the angles. In references [4] and [5] these transcendental introduction of the three-level inverter [1] . By increasing the equations are converted into polynomial equations where the number of levels in a given topology, the output voltages have resultant theory is applied to determine the switching angles more steps generating a staircase waveform, which to eliminate specific harmonics. However, as the number of approaches closely the desired sinusoidal waveform and also dc sources increases, so does the degree of the polynomials of has reduced harmonic distortion [1] [2] [3] [4] [5] [6] . One promising these equations which also increase the computation technology to interface battery packs in electric and hybrid difficulty. electric vehicles are multilevel inverters because of the In this paper, a multilevel inverter based on the cascaded possibility of high VA rating and low harmonic distortion converter topology with non-equal dc sources is studied ( Fig. without the use of a transformer [4] . [4] , [5] , Walsh function [6] or through the where Bn is given by: minimization approach [7] , [8] . 
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The optimal switching angles are obtained by minimizing eqn. (3) which is subject to the constraints of eqn. (6) After the phase-I is halted, satisfying the halting condition It should be noted that in the following discussion, the level of described in the previous section, optimization by direct the dc sources are non-equal and can be measured, however search and systematic reduction of the size of search region each dc source has a nominal value of 1 p.u. Furthermore, all method is employed in the phase-2. In the light of the solution the cases presented concem a single-phase system. However, accuracy, the success rate, and the computation time the best this does not reduce the way the algorithm can be applied in vector obtained from the phase-i is used as an initial point for the three-phase system. The location of harmonics to be the phase-2.
eliminated vary between the single and three-phase case since
The optimization procedure based on direct search and the triplen harmonics can be eliminated by the converter systematic reduction in search region is found effective in structure and there is no need to be included in the elimination solving various problems in the field of nonlinear process. programming [12] . This direct search optimization procedure Fig. 3 illustrates the variation of the R (0) = RMF x Range (7) switching angles vs. the modulation index. As an example, an Where(0 RMFge is defined xhe Rangerence (7) ween the operating point when mi = 0.87 is chosen which sets the Where, Range is defined as the difference between the fundamental voltage to be 2.61 p.u. Fig. 4 shows the spectrum upper and lower bound, and RMF is a range multiplication of the output waveform, where it is clear that the targeted low factor. The value ofRMF varies betweenO0.0Oandl1.0.
frequency harmonics (3rd and 5th) are eliminated and the fundamental component is equal to 2.61 p.u. as desired. Fig. 7 shows the switching in Fig. 8 , where the elimination of targeted harmonics is angles variations against a range of modulation index clearly evident and the fundamental is maintained at 3.04 p.u..
(0.71Smj <0.85). To validate the effectiveness of the It is worth noting that the next significant harmonics is shifted method, the inverter was tested with one operating point that to the 9h in this case. proposed algorithm for eliminating selected harmonics (i.e 3rd, 5th and 7th) while the fundamental is controlled at 3.2 p.u. and the spectrum of the output voltage is shown in Fig. 10 . .
E. Performance Index f,h
In order to indicate the usefulness and effectiveness of the am to _A..
method, a quality factor is chosen as a performance index. r_ The total harmonic distortion (THD) is very useful parameter to evaluate the performance of the inverter, and therefore the A method to generate optimal switching angles in order to documented and plotted in this paper. The ruggedness of the eliminate a certain order of harmonics is introduced in this method is confirmed with a different cases and operating paper. A cost function describing the selective harmonic points including seven-and nine-level inverters and for elimination in cascaded multilevel inverter with non-equal dc various modulation indices. As a figure of merit, the THD sources is formulated and addressed. A two phase genetic was used to evaluate the performance of the proposed method algorithm, namely the real-coded and direct search is and results are plotted for different cases. Furthermore, a proposed to overcome the computational burden and to ensure computational time-based comparison with conventional the accuracy of the calculated angles. The algorithm was optimization technique is provided. developed using MATLAB software and is run for a number of times independently to ensure the feasibility and the quality 
